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Long-term Microvascular Disease
Outcomes in Patients With Type 2
Diabetes After Bariatric Surgery:
Evidence for the Legacy Effect of
Surgery

Diabetes Care 2016,;39:1400-1407 | DOI: 10.2337/dc16-0194

OBJECTIVE

To identify and quantify any legacy effect of bariatric surgery on risk of incident
microvascular disease in patients with type 2 diabetes.

RESEARCH DESIGN AND METHODS

We conducted a retrospective observational cohort study (n = 4,683; 40% racial/
ethnic minority) of patients with type 2 diabetes who underwent bariatric surgery
from 2001 through 2011. The primary outcome measure was incident microvas-
cular disease defined as a composite indicator of the first occurrence of retinop-
athy, neuropathy, and/or nephropathy. The Cox proportional hazards framework
was used to investigate the associations between type 2 diabetes remission/
relapse status and time to microvascular disease.

RESULTS

Covariate-adjusted analyses showed that patients who experienced type 2 diabe-
tes remission had 29% lower risk of incident microvascular disease compared with
patients who never remitted (hazard ratio [HR] 0.71 [95% CI 0.60, 0.85]). Among
patients who experienced a relapse after remission, the length of time spent in
remission was inversely related to the risk of incident microvascular disease; for
every additional year of time spent in remission prior to relapse, the risk of
microvascular disease was reduced by 19% (HR 0.81 [95% C1 0.67, 0.99]) compared
with patients who never remitted.

CONCLUSIONS

Our results indicate that remission of type 2 diabetes after bariatric surgery
confers benefits for risk of incident microvascular disease even if patients even-
tually experience a relapse of their type 2 diabetes. This provides support for a
legacy effect of bariatric surgery, where even a transient period of surgically in-
duced type 2 diabetes remission is associated with lower long-term microvascular
disease risk.

Numerous studies have documented the effects that bariatric surgical procedures
can have on glycemic control among people with type 2 diabetes (1-5). The mag-
nitude of this effect varies by procedure (1). Our own work has suggested that there
is a 5-year type 2 diabetes remission rate of 68% for Roux-en-Y gastric bypass (RYGB)
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(6,7). Despite the mounting evidence of
the impact of bariatric surgery for pa-
tients with type 2 diabetes, studies
have now begun to show that type 2 di-
abetes remission after bariatric surgery
is often not durable, with rates of re-
lapse as high as 43% after 15 years post-
surgery (6,8,9).

Also of importance to patients and pro-
viders are the complications that result
from type 2 diabetes such as microvascular
disease, primarily nephropathy, neuropa-
thy, and retinopathy. A recent review of
the literature published since 2011 found
that in general, there was strong sup-
port for postbariatric reduction in risk
for nephropathy, less so for retinopathy,
and almost no evidence published for neu-
ropathy (10). Only one study had been
performed with a large patient popula-
tion (>2,500 bariatric patients) represen-
tative of current clinical practices in the
u.s. (11).

None of these studies examined how
type 2 diabetes relapse affected the im-
pact of bariatric surgery on microvascu-
lar disease. Of particular interest is
whether patients who experience a re-
lapse of their type 2 diabetes after sur-
gery still have lasting protection from
the development of microvascular dis-
ease. There is evidence in the nonsurgi-
cal literature that even if adults with
diabetes experience a recurrence of
poor glycemic control, transient periods
of improved control may confer benefits
for long-term incidence of microvascu-
lar complications (12,13). The prolonged
beneficial effects of improved glycemic
control observed in these studies have
been termed the “legacy effect” or
“metabolic memory.” Whether there
is a legacy effect of bariatric surgery
has yet to be established.

In this report we present data
that tests three specific hypotheses: 1)
after bariatric surgery, patients with
type 2 diabetes remission would have
lower risk of incident microvascular dis-
ease compared with patients who did
not experience remission, 2) patients
who experienced a relapse of their
type 2 diabetes after initial remission
would have lower risk of incident mi-
crovascular disease than those who
had never remitted, and 3) the longer
a patient spent in remission before ex-
periencing relapse, the lower their risk
would be for incident microvascular
disease.

RESEARCH DESIGN AND METHODS

Settings

We conducted a retrospective observa-
tional cohort study with patients who
had bariatric surgery from 2001 to
2011 while enrolled in one of four U.S.
integrated health care systems from the
Health Care Systems Research Network
(formerly the HMO Research Network)
(14): Group Health (GH) in Washington
state; HealthPartners (HP) in Minnesota;
Kaiser Permanente Northern California
(KPNC), serving the northern half of
California; and Kaiser Permanente South-
ern California (KPSC), serving the south-
ern half of the state. These health care
systems were very diverse in their patient
selection and preparation for bariatric
surgery as well as in the intensity of their
postoperative care and monitoring. For
example, some systems required that pa-
tients with type 2 diabetes be well con-
trolled at the time of surgery and others
did not have this requirement. All study
procedures were reviewed and approved
by the institutional review boards of all
participating sites.

Data Sources

For all health care systems, electronic
medical records, insurance claims, and
other data systems were organized in a
virtual data warehouse to facilitate
population-based research (15). These
data included enrollment and insurance
coverage details; demographics; blood
pressure; height; weight; laboratory
values; medications dispensed; deaths;
outpatient, inpatient, and emergency
department use; and the diagnoses
and procedures for this health care use.

Participants

The primary population of interest for
this study was 20- to 79-year-old adults
with severe obesity and type 2 diabetes
who had a primary bariatric surgical pro-
cedure between 1 January 2001 and
31 December 2011. We used a combina-
tion of bariatric registries, chart reviews,
International Classification of Diseases
(ICD)-9 codes (43.89, 44.31, 44.38,
44.39, 44.68, 44.69, and 44.95), and Cur-
rent Procedural Terminology procedure
codes (43633, 43644, 43645, 43659,
43770, 43775, 43842, 43843, 43844,
43845, 43846, and 43847) to identify
bariatric procedures. Patients were clas-
sified as having type 2 diabetes if they
met at least one of the following two
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criteria at the time of the primary bariatric
procedure: 1) uncontrolled type 2 diabetes,
defined as a glycated hemoglobin A,
(HbA;.) =6.5%/48 mmol/mol or fasting
plasma glucose =126 mg/dL at the most
recent measurement within 2 years prior
to surgery, or 2) medication-treated type 2
diabetes, defined as a current prescription
for any oral or injectable diabetes medica-
tion at the time of surgery.

Once this population was selected,
the following exclusion criteria were ap-
plied: 1) less than one full year of con-
tinuous enrollment and drug coverage,
2) a history of gastrointestinal surgery
for cancer, 3) preexisting neuropathy
or retinopathy, 4) gestational diabetes
if it was the sole diabetes diagnosis,
and 5) metformin as the sole indicator
of possible type 2 diabetes (no other
type 2 diabetes medications, laborato-
ries, or diagnoses). Application of these
eligibility and exclusion criteria yielded a
sample of 9,516 patients.

Further exclusions were made for pa-
tients who, at the time of surgery, were
observed to have 1) a BMI <35 kg/m?,
2) an estimated glomerular filtration
rate (eGFR) <60, and/or 3) an HbA;.
<6.5%/48 mmol/mol or fasting glucose
<126 mg/dL without use of any type 2
diabetes medication, leaving us with
7,237 patients. Finally, for our primary
analyses, we excluded 2,554 patients
who were missing BMI, HbA,, and/or se-
rum creatinine measures in the 2 years
before surgery. This provided us with a
final analytic sample of 4,683 patients.
As indicated below, sensitivity analyses
were conducted to examine the impact
of missing data on our conclusions.

Analyses
Exposure Definition
The primary independent variable of in-
terest was patient type 2 diabetes status
during the course of postsurgical follow-
up. The patient’s type 2 diabetes status
at any point during the postsurgical fol-
low-up was determined as either having
type 2 diabetes (beginning at the time
of surgery), being in a state of remission
after surgery, or being in a state of relapse
after experiencing a period of remission.
This was calculated as a time-varying
quantity that took on a value of zero at
baseline and increased as a patient accrued
patient-time in remission.

A patient experienced type 2 diabetes
remission when they had either 1) an
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HbA;. <6.5%/48 mmol/mol after being
off all type 2 diabetes medications
for =90 days and/or 2) fasting glucose
<126 mg/dL after being off all type 2 di-
abetes medications for =7 days (16).
These time frames were chosen because
they corresponded with the expected
duration of the effects of medications
on laboratory indicators of type 2 diabe-
tes status.

If patients experienced type 2 diabe-
tes remission, they were classified as
having relapsed if they then had 1)
HbA,. =6.5%/48 mmol/mol, 2) fasting
plasma glucose =126 mg/dL, and/or
3) a restart of type 2 diabetes medica-
tion. The date of relapse was defined as
the first date of an elevated HbA,, ele-
vated fasting plasma glucose, or a new
medication fill. If a patient experienced
relapse during or within 30 days after
the end of a pregnancy or hospitaliza-
tion and/or during an active prescription
for an oral steroid medication, this was
not used for analyses as these would not
be attributable to bariatric surgery. Pa-
tients could transition back and forth
between the states of remission and
relapse.

Outcome Definitions

The primary outcome measure was in-
cident microvascular disease, defined
as a composite indicator of the first oc-
currence of retinopathy, neuropathy, or
nephropathy. Retinopathy was defined
based on ICD-9 diagnosis codes 362.0x
(diabetic retinopathy) or 250.5x (diabe-
tes with ophthalmic manifestations).
Neuropathy was also identified based
on first occurrence of ICD-9 diagnosis
codes (250.6 [diabetes with neurological
manifestations] or 357.2 [polyneuropathy
in diabetes]). Finally, nephropathy was
identified based on a patient having at
least two eGFR measures <60 mL/min/
1.73 m? separated by =90 days without
any intervening values =60 mL/min/
1.73 m>. We estimated the glomerular
filtration rate using serum creatinine val-
ues and the CKD-EPI (Chronic Kidney
Disease Epidemiology Collaboration)
equation (17), using the nonblack race co-
efficient for individuals with unknown
race. We chose not to use urine protein
measures to define incident nephropathy
because nearly 25% of our cohort had no
baseline urine protein measurements. As
indicated below, sensitivity analyses were
performed to determine the impact of

using this information in addition to
eGFR to define nephropathy (and thus
excluding 25% of the sample) on our
results.

Statistical Models

Cox proportional hazards regression
was used to investigate the association
between type 2 diabetes status at any
point in time after surgery (having
type 2 diabetes without remission, be-
ing in a state of remission, or beingin a
state of relapse after remission) and
risk of incident microvascular disease
among patients with type 2 diabetes
at the time of bariatric surgery. Pa-
tients were followed from the date of
surgery until the first occurrence of ei-
ther incident microvascular disease
or a censoring event (death, disenroll-
ment, cessation of drug coverage, an
incident cancer diagnosis, or a period
of >13 months without any observed
health care use).

Two sets of primary models were fit.
The first of these was specified to inves-
tigate relative differences in risk of in-
cident microvascular disease, at any
given point in time postsurgery, be-
tween patients who were in remission
and those who had not remitted, as well
as between those who had relapsed and
those who had not remitted. Toward
this, two time-varying dummy variable
indicators were used to distinguish pa-
tients who had not remitted from those
who had remitted and from those who
had relapsed. Throughout this report of
our findings, these models are referred
to as “main effects only” models.

To investigate our central hypothesis
of a bariatric surgery legacy effect re-
lated to time in remission, we addition-
ally included an interaction between the
time-varying relapse indicator and a var-
iable representing the total time a pa-
tient spent in remission prior to their
relapse. Throughout this report of our
findings, these models are referred to
as “interaction” models. Supplementary
Data provide a detailed overview of these
models.

In addition to unadjusted models, we
fit adjusted models that included the fol-
lowing covariates at the time of surgery:
age, sex, race/ethnicity (Hispanic, non-
Hispanic white, non-Hispanic black, or
non-Hispanic other), surgery type (RYGB,
adjustable gastric banding [AGB], or
sleeve gastrectomy [SG]), surgical year,
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insurance type (commercial, Medicare,
Medicaid, or other), BMI, smoking status
(current, former, or never), duration of
observed diabetes before surgery (de-
fined as first observed diagnosis, labo-
ratory value, or prescription indicating
type 2 diabetes), insulin use, oral dia-
betes medication use, LDL cholesterol
=100 mg/dL, triglycerides =250 mg/dL,
uncontrolled blood pressure (defined as
either systolic =140 or diastolic =90 at
two consecutive measures on different
days), use of antihypertensive medica-
tions (ACE inhibitor, angiotensin receptor
blocker [ARB], or other), use of cholesterol-
lowering medication (statin or other),
use of aspirin or other platelet inhibitor,
and incident cardiovascular event be-
fore surgery (defined based on ICD-9
codes). Because of the variation in sur-
gery eligibility and postsurgical care
across the health care sites, study site
(GH, HP, KPSC, and KPNC) was adjusted
for using stratification of the baseline
hazard function.

Sensitivity Analyses

A number of planned sensitivity analyses
were also conducted to examine the im-
pact of the following: 1) excluding the
largest health care site from analyses to
determine its impact on the findings, 2)
using both abnormally elevated urine
protein and low eGFR as indicators of
incident nephropathy, and 3) performing
multiple imputation for all missing values
of BMI, HbA,, eGFR, and race/ethnicity.
For the last of these, we constructed
M = 10 full data sets using multiple im-
putation by chained equations (18),
each of size n = 9,525 corresponding
to the bariatric patients identified after
applying the first round of inclusion/
exclusion criteria. Patients in these full
data sets not satisfying BMI, eGFR, and
type 2 diabetes eligibility criteria (either on
the basis of known values or imputed val-
ues) were excluded to form the M = 10
analytic data sets.

Effect Modification

In addition to our main analysis, we inves-
tigated several a priori-specified interac-
tions, including age, BMI, race/ethnicity,
and procedure type.

RESULTS

Participants
Table 1 presents descriptive statistics
for the final analytic sample of patients


http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc16-0194/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc16-0194/-/DC1

care.diabetesjournals.org Coleman and Associates 1403

Table 1—Baseline characteristics for patients with uncontrolled or medication- (n = 4,863). The study sample was pri-

controlled type 2 diabetes (n = 4,683)
Age (years)
Female
Race/ethnicity
Hispanic
Non-Hispanic black
Non-Hispanic white
Other
Unknown/missing
Health care site
GH
HP
KPNC
KPSC
Insurance type
Commerecial
Medicaid
Medicare
Other
Year of surgery
2001-2002
2003-2004
2005-2006
2007-2008
2009-2010
2011
Type of bariatric surgery
AGB
RYGB
SG
BMI (kg/m?)
Serum creatinine (mg/dL)
eGFR (mL/min/1.73 m?)
HbA; . (%)
HbA;. (mmol/mol)
Observed duration of diabetes (years)
Use of oral diabetes medication
Use of insulin
Dyslipidemia
LDL cholesterol =100 mg/dL
Triglycerides =150 mg/dL
Dyslipidemia diagnosis*
Use of a statin
Use of other lipid-lowering medications
Hypertension
Uncontrolled hypertension
Hypertension diagnosis*
Use of ACE inhibitors or ARB
Use of other antihypertensive medications
Cardiovascular disease
=1 cardiac event*
=1 cerebrovascular event*
=1 peripheral arterial event*
Use of platelet inhibitor
Smoking status
Current
Former
Never

46.7 = 9.7
76% (n = 3,580)

18% (n = 841)
15% (n = 698)
48% (n = 2,271)
7% (n = 329)
12% (n = 544)

6% (n = 285)
5% (n = 232)
32% (n = 1,478)
57% (n = 2,688)

94% (n = 4,396)
2% (n = 104)
2% (n = 107)
2% (n = 76)

3% (n = 128)

7% (n = 330)
11% (n = 509)
21% (n = 978)
33% (n = 1,551)
35% (n = 1,187)

6% (n = 285)
79% (n = 3,865)
15% (n = 713)
452 =73
0.79 = 0.17
96.49 + 18.04
71+13
54
45+35
68% (n = 3,186)
17% (n = 773)

40% (n = 1,851)
48% (n = 2,244)
76% (n = 3,572)
48% (n = 2,264)
5% (n = 251)

7% (n = 314)
72% (n = 3,375)
53% (n = 2,466)
41% (n = 1,932)

2% (n =71)
1% (n = 45)
2% (n =79)
1% (n = 50)

11% (n = 528)
29% (n = 1,377)
59% (n = 2,778)

Values represent characteristics at the time of bariatric surgery or for the 2-year period prior to

surgery (as indicated). For categorical variables, counts and percentages are presented; for
continuous variables, means = SDs are presented. *In the 2 years prior to surgery.

marily middle aged (60% 45-64 years
old), female (76%), and had commercial
insurance (94%), and 40% were racial/
ethnic minorities. Most patients had
RYGB (79%) in years 2000-2011, with
15% having undergone SG and 6% AGB.
At the time of surgery, 52% of patients
had a BMI of 40-49.9 kg/m?, 44% had
poor glycemic control (HbA;. =7.0%/
53 mmol/mol), and 38% had type 2
diabetes for 5 years or more before
surgery. Comorbidities were common,
with 72% and 75% of patients having
diagnosed hypertension or dyslipide-
mia, respectively. Some patients (11%)
had been smokers in the 2 years before
surgery. One-, three-, and five-year
retention rates for patients in the
analytic sample were 93%, 77%, and
69%, respectively.

Effect of Type 2 Diabetes Remission
and Relapse on Risk for Incident
Microvascular Disease

Figure 1 provides estimates of the cumu-
lative probability of incident microvascular
disease over time after bariatric surgery,
as well as the cumulative probability of
each of the indicators of microvascular
disease (nephropathy, neuropathy, and
retinopathy). The 1-, 3-, 5-, and 7-year
rates of incident microvascular disease
were 9.5%, 20.9%, 31.1%, and 40.5%,
respectively. The rate of incident mi-
crovascular disease was primarily due
to the incidence of retinopathy, which
occurred at a rate of 8.0%, 18.2%,
28.4%,and 36.5% at 1, 3, 5, and 7 years
postsurgery. The rates of nephropathy
(0.7%, 1.5%, 2.6%, and 4.9%) and neu-
ropathy (0.4%, 1.1%, 1.5%, and 1.9%)
were much lower.

Table 2 shows the key results from
the unadjusted and adjusted multivari-
able Cox models investigating the asso-
ciation between type 2 diabetes status
and incident microvascular disease
after bariatric surgery; the details for
the adjusted models are shown in
Supplementary Data. From the adjusted
main effects only model, patients who
were in a state of remission had signifi-
cantly lower risk of incident microvas-
cular disease when compared with
patients who had not remitted (hazard
ratio [HR] 0.71 [95% CI 0.60, 0.85]).
Although the estimated HR was <1.0,
patients in a state of relapse (after re-
mission) did not have significantly
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Figure 1—Kaplan-Meier estimates of the cumulative probability of incident microvascular dis-
ease over time after bariatric surgery. Separate estimates for nephropathy, neuropathy, and
retinopathy are shown, as well as an estimate for incident microvascular disease due to any of

the three.

different risk for microvascular disease
at any given point in time after surgery
than patients who had not remitted
(HR 0.87 [95% CI 0.65, 1.16]).

Similar to the main effects only
model, patients in the interaction
model who experienced remission
had significantly lower risk of incident
microvascular disease when compared
with patients who had not remitted
(HR0.70[95% CI 0.59, 0.84]). Also similar
the main effects only model, the inter-
action model found that the risk for

incident microvascular disease in pa-
tients who experienced relapse after
remission was not significantly different
than the risk for those who had not
remitted (HR 1.14 [95% Cl 0.79, 1.65]).
However, unlike the main effects only
model, the HR in the interaction model
was >1.0. The difference in the HR is likely
due to the presence of the interaction and
is interpreted as the relative difference in
risk between patients who relapse imme-
diately after remitting their type 2 di-
abetes (i.e., the cumulative time in

Table 2—HRs and 95% ClIs from unadjusted and adjusted* Cox regression analysis

of incident microvascular disease

Main effects only model

Interaction model

Unadjusted

Adjusted

Unadjusted Adjusted

HR (95% Cl)

HR (95% Cl)

HR (95% Cl) HR (95% Cl)

Type 2 diabetes status
Remission
Relapse

Legacy effect

0.49(0.41,0.57) 0.71(0.60,0.85) 0.48(0.41,0.57) 0.70(0.59,0.84)
0.73(0.55,0.98) 0.87(0.65,1.16) 1.02(0.71,1.47) 1.14(0.79,1.65)

0.79(0.65,0.95) 0.81(0.67,0.99)

Main effects only models solely consider a patient’s type 2 diabetes status, comparing patients
in a state of remission or relapse to those who have not remitted. Interaction models investigate
a potential legacy effect by additionally permitting the HR of incident microvascular disease for
patients who have relapsed, compared with those who have not remitted, to depend on the
cumulative time spent in remission prior to relapsing. *Stratified by site and adjusted for the
following variables described in Table 1: age, sex, surgery type, surgery year, race/ethnicity,
insurance type, BMI, diabetes duration, insulin use, oral diabetes medication use, HbA;, ACE or
ARB use, other antihypertensive medication use, uncontrolled blood pressure at baseline,
preoperative hypertension diagnosis, statin use, other lipid-lowering medication use,
dyslipidemia diagnosis, LDL =100 mg/dL, triglycerides =100 mg/dL, cardiovascular disease at
baseline, cerebrovascular disease at baseline, peripheral vascular disease at baseline, platelet
inhibitor use, and smoking status.
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remission is zero) and those who never
remitted.

Finally we found support for the legacy
effect of bariatric surgery for patients
with type 2 diabetes. The more time a
patient accrued in remission before expe-
riencing relapse, the less risk they had of
incident microvascular disease when
compared with patients who never
remitted (HR 0.81 [95% ClI 0.67, 0.99]).
For each additional year of time spent in
remission, the HR decreased by 19%.
Figure 2 provides a visual representation
of the legacy effect HR as a function of
time spent in remission prior to relapse.
The HRis equal to 1.14 when time spent
in remission is zero, with the slope
decreasing at a rate of 19% per year.

Results of the sensitivity analyses are
provided in Supplementary Data. Ex-
cluding the largest health care site
from the interaction analyses did not
change the adjusted legacy effect find-
ings (HR 0.78 [95% Cl 0.61, 0.98] vs. HR
0.81 [95% Cl 0.67, 0.99]). Although add-
ing abnormally elevated urine protein to
low eGFR as an indicator of incident ne-
phropathy in the interaction analyses
did not change the adjusted legacy ef-
fect HR substantially (HR 0.83 vs. 0.81),
the legacy effect was no longer statisti-
cally significant (95% CI 0.62, 1.09 vs.
0.67, 0.99). Finally, performing multiple
imputation for all missing values of BMI,
HbA,., eGFR, and race/ethnicity also
did not change the interaction analyses—
adjusted legacy effect findings substan-
tially (HR 0.88 vs. 0.81); however, the
legacy effect was no longer significant
(95% Cl1 0.76, 1.02 vs. 0.67, 0.99).

Effect of Patient-Level Factors on Risk
for Incident Microvascular Disease
Additional factors that might be associ-
ated with the risk of incident microvas-
cular disease were also examined. In the
detailed fully adjusted model (see
Supplementary Data for these findings),
age was the strongest factor associated
with the risk of developing incident mi-
crovascular disease after bariatric sur-
gery. Significant HRs ranged from 6.46
(95% Cl 2.03, 20.58) for 45- to 54-year-
old adults to 34.31 (95% CI 10.54,
111.70) in 65- to 79-year-old adults
when compared with adults aged 18-
29 years.

Other factors related to the risk of de-
veloping incident microvascular disease
after bariatric surgery were 1) having
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Figure 2—Estimated HR and corresponding point-wise 95% Cl for the hypothesized legacy effect
for incident microvascular disease. The HR compares patients who have experienced a relapse of
their type 2 diabetes after some period of remission to patients who have not remitted as a

function of the time spent in remission.

type 2 diabetes for 5 years or more be-
fore surgery compared with people with
type 2 diabetes for <1 year before sur-
gery (HR 1.46 [95% CI 1.12, 1.89]), 2)
being on insulin at the time of surgery
(HR 1.41 [95% CI 1.19, 1.68]), and 3)
having an HbA;. >6.5%/48 mmol/mol
before surgery compared with HbA;.
<6%/42 mmol/mol (HR ranged from
1.37 [95% Cl 1.04, 1.79] for 6.5-7.0% to
1.56 [95% Cl 1.17, 2.08] for >8.0%). Bari-
atric procedure type, race/ethnicity, and
preoperative BMI were not associated
with the risk of developing incident mi-
crovascular disease after surgery. No sig-
nificant interactions were observed
between type 2 diabetes status and any
patient-level factors we examined in our
models of effect modification (data not
shown).

CONCLUSIONS

Many prior studies, including our own
(6,7), have demonstrated that a major-
ity of patients who undergo bariatric
procedures experience remission of
their type 2 diabetes (1-5). However,
very little is known about whether
type 2 diabetes remission after bariatric
surgery prevents the development of
incident microvascular disease, and
whether this positive effect persists
even if a patient experiences relapse of
their type 2 diabetes. In the largest

multisite study to date in this area (n =
4,683 patients with type 2 diabetes), we
found that patients who experienced
remission of their type 2 diabetes after
surgery experienced a 29% reduction
in the risk of incident microvascular
disease compared with those who did
not experience remission after surgery.

In addition, even if these patients
then went on to experience a relapse
of their type 2 diabetes, the more time
they spent in remission prior to their re-
lapse, the lower their risk was for devel-
oping incident microvascular disease.
For each additional year of time spent
in remission, the HR associated with mi-
crovascular disease decreased by 19%.
This has previously been referred to as
the legacy effect or as metabolic mem-
ory. Although the legacy effect has been
shown with other diabetes treatment
modalities (12,13), this is the first study
to show this effect after bariatric sur-
gery.

Although our findings for reduction in
incident microvascular disease for post-
bariatric patients with type 2 diabetes
are supported by the literature to date
(10,11,19), the rate reported here is less
pronounced (29% reduction) compared
with rates reported in other studies.
For example, the Swedish Obese Sub-
jects (SOS) study found a 56% lower
risk of incident microvascular disease
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postsurgery (19), and a much larger ret-
rospective observational study of 2,580
bariatric patients found an 80% lower
risk of incident microvascular disease
(11). These differences are likely related
to a variety of factors, including the
differential methods of determining in-
cident microvascular disease using diag-
nosis and/or procedure codes alone or
in combination with laboratory mea-
sures in retrospective observational
studies (11), whereas standardized, con-
trolled methods are normally imple-
mented for outcome assessment in
prospective studies (19).

Variations in the proportion of racial/
ethnic minority patients in these studies
may also contribute to the different as-
sociations between bariatric surgery
and incident microvascular disease. Pa-
tients from different racial/ethnic mi-
nority groups may have greater disease
burden and severity at the time of sur-
gery (20), and thus the effect of surgery
on type 2 diabetes remission and sub-
sequent risk for incident microvascular
disease may be attenuated. Most stud-
ies in this area are 70-90% non-Hispanic
white, whereas our sample was 40%
racial/ethnic minority. Although an in-
dependent association between race/
ethnicity and risk of incident microvas-
cular disease was not observed in our
study (see Supplementary Data), longer
duration of type 2 diabetes and higher
HbA,. before surgery was shown to at-
tenuate the effect of bariatric surgery on
risk of incident microvascular disease.

Most of the effect of bariatric surgery
on incident microvascular disease in this
study population was due to a pro-
nounced reduction in risk for retinopa-
thy (36.5% reduction in risk at 7 years
postsurgery). There have been a num-
ber of much smaller studies that have
also shown the impact of bariatric
surgery on the reduction in risk of reti-
nopathy in patients with type 2 diabe-
tes (21-25), although the STAMPEDE
(Surgical Therapy and Medications
Potentially Eradicate Diabetes Effi-
ciently) trial found no improvement in
retinopathy outcomes with surgery
after 2 years of follow-up (26). Our
study is the largest to date supporting
the impact of bariatric surgery on reduc-
tion in risk for retinopathy up to 7 years
postoperatively.

The interpretation of our data is lim-
ited by a number of factors. First, the
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retrospective observational study design
precludes causal inference. Randomized
controlled trials would be a superior
way to evaluate the causal efficacy of
bariatric surgery for risk of incident micro-
vascular disease in patients with type 2
diabetes. However, few randomized con-
trolled trials could enroll thousands of pa-
tients, as we have done with our study,
which may be necessary to detect rela-
tively rare events such as incident micro-
vascular complications in bariatric surgery
patients who experience remission of
their type 2 diabetes, as accruing pa-
tient-time in type 2 diabetes status is
difficult.

Second, the data used to define inci-
dent microvascular disease (retinopa-
thy, nephropathy, and neuropathy)
were collected in the process of routine
clinical care across four large, integrated
health care systems, so that missing
data may have led to misclassification
of microvascular complication status
for some patients. Our ability to detect
the end points in our study was depen-
dent on people receiving care (eye exams,
blood tests, and neuropathy assessment)
and thus were more subject to misclassi-
fication than macrovascular events such
as myocardial infarction and stroke, for
which individuals are much more likely
to seek care.

Finally, although the point estimate
for the legacy effect of bariatric surgery
was always <1.0 (indicating a consis-
tently beneficial effect of greater time
in remission prior to relapse), the Cls
crossed 1.0 in two of the sensitivity
analyses (addition of proteinuria as a
nephropathy end point and multiple im-
putation). As a result, our legacy effect
finding should be interpreted with some
caution and replicated in future studies
with larger sample sizes and more com-
plete data.

Conclusion

Our results indicate that a large and ra-
cially/ethnically diverse population of
adults with type 2 diabetes who experi-
enced remission of their type 2 diabetes
after bariatric surgery also experienced a
29% reduction in risk of incident micro-
vascular complications up to 7 years after
surgery. In addition, even if they relapsed
during this period, there was still a 19%
reduction in risk for each year they
spent in remission before this relapse. To
date, this legacy effect on microvascular

complications had only been seen in pa-
tients undergoing nonsurgical treatment
for poor glycemic control. We also found
that older age, longer duration of type 2
diabetes before surgery, being on insulin,
and having uncontrolled type 2 diabetes
at the time of surgery attenuated the ef-
fect of bariatric surgery on the risk of de-
veloping incident microvascular disease.
Taken in combination with our other
work (6,7,20), this implies that younger
patients with less severe type 2 diabetes
may be more likely to experience the
maximum benefits from bariatric surgery
for remission of their type 2 diabetes and
reduction in subsequent risk for micro-
vascular disease.
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